Current trends in habitat loss have been forecast to accelerate under anticipated global change, thereby focusing conservation attention on identifying the circumstances under which key species interactions retard habitat loss. Urbanised coastlines are associated with broad-scale loss of kelp canopies and their replacement by less productive mats of algal turf, a trend predicted to accelerate under ocean acidification and warming (i.e. enhanced CO 2 and temperature). Here we use kelp forests as a model system to test whether efforts to maintain key species interactions can maintain habitat integrity under forecasted conditions. First, we assessed whether increasing intensity of local human activity is associated with more extensive turf mats and sparser canopies via structured field observations. Second, we experimentally tested the hypothesis that intact canopies can resist turf expansion under enhanced CO 2 and temperature in large mesocosms. In the field, there was a greater proportion of turf patches on urbanised coasts of South Australia than in agricultural and urban catchments in which there was a greater proportion of canopy-forming algae. Mesocosm experiments revealed this expansion of turfs is likely to accelerate under increases in CO 2 and temperature, but may be limited by the presence of intact canopies. We note that even in the presence of canopy, increases in CO 2 and temperature facilitate greater turf covers than occurs under contemporary conditions. The influence of canopy would likely be due to shading of the understorey turfs which, in turn, can modify their photosynthetic activity. These results suggest that resistance of habitat to change under human-dominated conditions may be managed via the retention of key species and their interactions. Management that directly reduces the disturbance of habitat-forming organisms (e.g. harvesting) or reverses loss through restoration may, therefore, reinforce habitat resistance in an increasingly stressful world.
Introduction
The resistance of ecological systems to modified environmental conditions is strongly influenced by interactions among species which underlie the mechanisms for ecosystem persistence or loss . Foundation species, which strongly influence community structure by modifying physical conditions and ecosystem processes (sensu Dayton, 1972) , are of particular importance in such dynamics (Bruno and Bertness, 2001; Jones et al., 1996; Lawton, 1994) . Variation in the occurrence of foundation species may be of increasing importance where human activities drive greater environmental change (Bruno et al., 2003; Halpern et al., 2007) . Where present, foundation species may limit the influence of environmental conditions. In the absence of foundation species, however, environmental conditions could otherwise facilitate expansion of alternate species that promote shifts away from the historically dominant states (Jones et al., 1997; Sasaki and Lauenroth, 2011) . Despite their potential influence in ameliorating the effects of abiotic change, populations of foundation species are fragmented as a consequence of human activities (Airoldi and Beck, 2007; Ellis, 2011; Ellison et al., 2005) . This loss has the potential to increase the susceptibility of the associated systems to global climate change. Ameliorating the effects of global climate change through management of key species will, therefore, depend on understanding both the conditions that determine the distribution and abundance of key species, and also how the associated resistance will be influenced by global change.
Canopy-forming algae are a dominant feature of temperate marine waters in both hemispheres where they provide key ecosystem services (Airoldi and Beck, 2007; Steneck et al., 2002) . On coastlines adjacent to growing populations, however, these ecosystems have often been modified to an extent that following natural disturbance events, such as storms, otherwise ephemeral mat-forming turf algae can persist (Airoldi et al., 2008; Gorgula and Connell, 2004; Reed and Foster, 1984) . Where mats persist they can then cause intergenerational decline and loss of canopy-dominated habitats Eriksson et al., 2002) . Importantly, therefore, the degradation of these habitats not only encompasses the loss of canopies, but also the expansion of morphologically-simple and opportunistic species. Where such shifts occur, the newly-established configuration is typically comprised of species perceived to be of less value to human societies than those of the system they replaced, making prevention of such change advantageous (Dudgeon et al., 2010; Hobbs et al., 2006) . Understanding the nature of any link between the intensity of human activity and structure of marine habitats will be relevant to managing ecological sustainability of increasingly human-dominated coasts (Gorman et al., 2009) .
While relatively localised human activities have driven such changes historically, in the future ecosystem structure will be influenced by the pervasive impacts of globally-growing human populations. In contrast to the historical impacts, all coastal systems are anticipated to be impacted by the global enrichment of CO 2 and increased temperatures, regardless of human use in the associated terrestrial catchment. Such changes to CO 2 and temperature could affect algae and the habitats they form (Hepburn et al., 2011; Raven and Hurd, 2012) . In the ecosystem considered here, a key role of global change is anticipated to be its positive effect on turfs. Enriched CO 2 and increased temperature can facilitate greater covers of turfs by increasing the rate and efficiency of their physiological processes Falkenberg et al., 2013b; Russell et al., 2009) . Where CO 2 has this effect on turfs it could potentially enhance their capacity to exist as a persistent rather than ephemeral habitat and modify their ecological role (reviewed in Connell et al., 2013) . Where canopies are able to persist, however, the expansion of turfs may be restricted. The strength of this biotic interaction can be sufficient to restrict the growth of turfs even where the opportunistic functional group is favoured by other abiotic conditions that modify resource availabilities (e.g. elevated nutrients and future CO 2 ; Falkenberg et al., 2012) . It will be important, therefore, to consider the response of the turfs in the presence of algal canopies. If the strength of these ecological interactions are maintained under future conditions, turfs may continue to be restricted under conditions of warming and elevated CO 2 that are otherwise anticipated to facilitate their expansion.
In this study, we combine field surveys and large mesocosm experiments to test two hypotheses; (1) that there will be more extensive algal canopies (forests) where human use of adjacent terrestrial catchments is less intensive (i.e. 'natural' and 'agricultural' catchments) and turfs will be more extensive adjacent to urbanised coast of intensive use (i.e. 'urbanised' catchments), and, (2) the positive response of turfs to forecasted levels of future, globally-modified conditions (i.e. predicted CO 2 and temperature) will be reduced in the presence of algal canopies. Understanding the influence of key species has implications for management of coastal habitats, as actions to maintain or re-establish canopies could potentially constrain the expansion of turf algae on urban coasts and the further degradation of these ecosystems under forecasted global conditions.
Materials and Methods

Quantifying the localised impact of current human populations
We tested for an association between terrestrial catchments of different intensity of human use and habitat structure by quantifying composition of algal cover and patch size. The survey was conducted in the early Austral summer (January-March, 2005) . Sites for field observations were classified as areas adjacent to natural, agricultural and urban catchments interspersed along the south Australian coastline, with sites (n = 4 per catchment type) selected based on human use (DEWNR, 2014). 'Natural' catchments were those used for nature conservation (i.e. nature parks or managed resource protection areas) with little or no development and were similar to 'agricultural' catchments that supported livestock grazing or light cropping. 'Urban' catchments were intensely populated and used primarily for residential purposes.
Sampling methods
Habitat composition was quantified in terms of percentage cover of all canopy-forming algae (i.e. Ecklonia radiata, Cystophora spp., Sargassum spp.) and mat-forming turf algae on rocky substratum. Here, 'turf' is used as a functional group term to denote mats of low-growing algae < 5 cm canopy height in mixed assemblages that were mainly composed of the algal genus Feldmannia . Sampling was conducted on rocky reef adjacent to each catchment type with the relative sizes of patches of canopy and turfs quantified using replicate 1 × 100 m transects (n = 4 per site) separated by 50-100 m. Transects were orientated perpendicular to the shoreline and started as close to mean low water as prevailing conditions would allow. Sampling stopped at either the seaward edge of the rock or, if the rock extended past this point, at 100 m. The type of algal habitat was identified along each transect at a scale of 1 × 1 m by identifying the dominant habitat in each 1 m 2 area, with particular care taken when sampling units with coverage of both algal types. The diameter of individual patches of habitat was determined by measuring the beginning and end of each point where the patch intersected the transect line.
Forecasting the effects of global change
The effects of canopy presence or absence on turfs under modified CO 2 and temperature conditions were considered in a mesocosm experiment (see 'Experimental site and set-up' below for detail) that ran for 21 days in the Austral winter (July-August, 2013) . Experimental mesocosms had combinations of canopy (kelp, Ecklonia radiata; present vs. absent), CO 2 (current vs. future) and temperature (ambient vs. elevated) in a crossed design. Canopy was either present (kelp at densities similar to those observed at the collection site, c. 10 m −2 ) or absent (as occurs in many human-impacted catchments). The target CO 2 and temperature levels were based on the current ambient levels found in waters where experimental organisms were collected (current CO 2 , pH: 8.12, 356 ppm; ambient temperature, 14.5°C) and future projection scenario IS92a for the year 2100 (future CO 2 , 0.15 pH units lower than ambient at ∼7.98, 600 ppm; elevated temperature, 2.5°C higher than ambient at 17°C) (Meehl et al., 2007) .
Experimental site and set-up
Experimental mesocosms were located outdoors in natural sunlight at SARDI (South Australian Research and Development Institute) Aquatic Sciences, West Beach, South Australia (34.94°S, 138.50°E). The 2300 L flow-through experimental mesocosms (cylindrical, polyethylene, 1720 mm diameter × 1365 mm high, TeamPoly, Australia) were covered with material (high density polyethylene with woven scrim, SolarPro, PolyFab, Australia) that transmits incoming radiation (∼45% and 30% of ambient PAR and UVB respectively) creating a light environment representative of shallow subtidal habitats in the region (∼5-8 m depth; Russell, 2007; Russell et al., 2011) . The mesocosms were filled with natural seawater pumped from the adjacent ocean which would be classified as 'urban' above, therefore, initial seawater chemistry (i.e. before experimental manipulation) was characteristic of these waters. A flow rate of 4 L min −1 , or 2.5 total volume turnovers per day, was used to maintain water quality. A total of 12 mesocosms were used with three replicates for each CO 2 × temperature combination. Within these, each tank was divided with canopy present in one half and absent in the other half.
Experimental treatments
The presence or absence of canopy was manipulated by either having a canopy of algae (Ecklonia radiata) present or absent (for further detail see 'Experimental algae' below). The effect of canopy cover on water column light was quantified both under and outside of the canopy using a light metre at the conclusion of the experimental period (LI-COR, Lincoln, Nebraska, USA). In the presence of canopy, light availability was significantly lower than that which occurred in the absence of canopy concentrations were maintained by aerating the tanks at a rate of 15 L min −1 with either ambient atmospheric air (current), or air enriched with CO 2 to a set concentration (future) with a gas mixer (Pegas 4000 MF, Columbus Instruments, Columbus Ohio, USA). Total alkalinity (A T ) and pH of seawater were measured eight times over the three week experimental period with samples taken between 10:00 and 13:00 and analysed using a potentiometric titrator (888 Titrando, Metrohom, USA). Concentrations of pCO 2 , carbonate (CO 2− 3 ) and bicarbonate (HCO − 3 ) were then calculated from measured A T , pH, salinity and temperature using the CO2SYS program for Excel (Pierrot et al., 2006) with constants from Mehrbach et al. (1973) as adjusted by Dickson and Millero (1987 
Experimental algae
The canopy-forming kelp and mat-forming turf algae used in experiments were collected from adjacent areas of rocky reef at Granite Island, Victor Harbor, South Australia (33.55°S, 138.61°E), one of the 'urban' sites in the habitat survey. The canopy algae were the kelp Ecklonia radiata, while 'turf' is again used as a functional group term to denote mats of low-growing algae (<5 cm canopy height) in mixed assemblages that were mainly composed of the algal genus Feldmannia . The algae were collected still attached to their natural substrate and acclimated in holding mesocosms at ambient conditions for thirty days before the experiment commenced. When allocated to experimental mesocosms, canopy algae were uniformly distributed across mesocosms (n = 10 individuals per each half of the tank), with their arrangement following a standardised pattern.
The response of turfs to the experimental treatments was quantified in terms of cover of algae that recruited and photosynthetic characteristics which indicate how much solar energy can be converted to fixed carbon and can be used to assess the influence of factors which may influence algal health (specifically EQY, MQY, rETR and ETR max , discussed below). The recruitment of turfs was quantified by adding bare recruitment substrate (5 × 10 cm fibreboard panels) to the mesocosms at the commencement of the experimental period (n = 5 per mesocosm). The space available for recruitment was, therefore, consistent both where kelp were absent and present. Following 21 days of treatment, the percentage cover of turfs on each recruitment panel was quantified by visually estimating cover with the point-intercept method using a 5 × 10 cm array with 20 points (as described in Falkenberg et al., 2014) . Photosynthetic parameters were measured using a submersible diving Pulse Amplitude Modulated (PAM) fluorometer (Walz, Germany). Algae were measured in situ in treatment mesocosms following 25 days of treatments. Fluorescence of the algae was measured predawn (between 0400 and 0700) and midday (between 1130 and 1530) to attain the MQY and EQY, respectively. Measures of quantum yield indicate the probability that the energy of a photon absorbed will be used for photosynthesis and can range from 0 (if the process does not respond to light) to 1 (if every photon absorbed contributes to the process); if the algae is stressed both the Effective and Maximum Quantum Yield values can be reduced. Measures were taken by using a spacer to hold the fibre optic probe of the PAM fluorometer ∼3 mm from the algal specimen and exposing it with an initial pulsed measuring beam of red light (0.15 µmol m −2 s −1 , 650 nm) immediately followed by a pulse of saturating actinic light (0.8 s, 6000 µmol m −2 s −1 ).
For both MQY and EQY a measure was taken from each replicate recruitment substrate (n = 5 per mesocosm, n = 3 mesocosms per treatment). In addition, Rapid Light Curves (RLCs) were measured using the photon flux densities of 0, 39, 72, 106, 152, 231, 320, 495 and 729 µmol m −2 s −1 , each of 10 s duration, followed by a saturating pulse of light. These measures were taken during daylight hours (between 1030 and 1500), from a subset of the replicate recruitment panels (n = 3 per mesocosm, n = 3 mesocosms per treatment). The RLCs were later used to calculate the ETR and ETR max as follows: ETR = PSII×PFD×leaf absorbance ×0.5 where PSII is the EQY, PFD is the provided photon flux density at the time and point of measurement, leaf absorbance factor is a constant of 0.84 (see Irving et al., 2004; Russell et al., 2011) and 0.5 is a constant assuming equal distribution of photons absorbed by the two photosystems (Beer et al., 2002) . ETR, an approximation of the rate of electrons pumped through the photosynthetic chain, is closely related to photosynthetic activity. ETR max is the maximum value obtained at any of the nine irradiances measured and indicates the maximum photosynthetic capacity.
Statistical analysis
Four-factor PERMANOVA was used to test the response of mat-forming algae to experimental conditions in terms of percentage cover and photosynthetic characteristics (MQY, EQY and rETR max ). The factors of canopy cover, CO 2 and temperature were treated as fixed and orthogonal, with two levels in each factor (canopy, present vs. absent; CO 2 , current vs. future; temperature, ambient vs. elevated) while the factor of tanks was treated as random and nested within canopy, CO 2 and temperature, and had three levels. Data for the replicate recruitment panels from each mesocosm were used as replicates (n = 5). The magnitude of effects (ω 2 ) was calculated (following Vaughn and Corballis, 1969; Graham and Edwards, 2001) to assess which factor, or combination of factors, primarily contributed to the responses under experimental treatments. Physico-chemical conditions within mesocosms were analysed using one-way ANOVAs in which the factor being analysed had two levels; the factor of canopy cover (present vs. absent) was used to test the light conditions, the factor of CO 2 (current vs. future) was used to test the carbonate conditions and the factor of temperature (ambient vs. elevated) was used to test the temperature conditions. Measurements were averaged across sampling occasions (n = 1 for light, n = 8 for carbonate conditions and temperature), with mesocosms used as replicates (n = 3). Where significant treatment effects were detected, we then ran Student-Newman-Keuls (SNK) post hoc comparison of means. 
Results
Quantifying the localised impact of current human populations
Catchment type had a significant influence on the distribution of both canopy-and mat-forming algae (Fig. 1 ). There was a trend for more patches of canopy, and fewer patches of turfs, in natural catchments. The proportion of canopy algae was slightly less in agricultural catchments, with more turfs. Finally, in urban catchments there was again less canopy algae and more turfs, with the proportion of these two algal types almost the same.
Forecasting the effects of global change
The presence of an algal canopy restricted the recruitment of turfs under all CO 2 and temperature combinations, with canopy presence or absence the treatment of largest influence (ω 2 = 0.41; Fig. 2 ; Table S1 ). The difference in turf cover between where canopy algae was present and absent was similar for each set of treatment conditions, with a reduction of approximately 25% (Fig. 2) . In both the presence and absence of algal canopy CO 2 and temperature caused an increase in the cover of turfs. This manifested as an interaction whereby the effect of combined CO 2 and temperature did not increase the cover above that observed where either condition was enriched in isolation, probably as covers approached 100% ( Fig. 2 ; Table S1 ).
The Maximum Quantum Yield (MQY) and Effective Quantum Yield (EQY) of recruited turfs were both greater where canopy was present than where it was absent for all combinations of CO 2 and temperature treatments ( Fig. 3 ; Table S2 ). The difference between the EQY (measured at midday sunlight) of turfs in the presence and absence of canopy was much greater than the difference observed in MQY (measured at night) (Fig. 3) . The ETR max of turfs was lower in the presence of canopy compared to where it was absent ( Fig. 4 ; Table S3), with a trend for the ETR max to occur at a lower photon flux density for turfs in the presence of canopy algae (152 µmol m −2 s −1 ) than in the absence of canopy algae (231 µmol m −2 s −1 ) (Fig. 4) . . Rapid light curves (RLCs) of electron transport rate (µmol electrons m −2 s −1 ) (±SE) for mat-forming turf algae that recruited to initially unoccupied substratum under manipulated canopy (present vs. absent), CO 2 (current vs. future) and temperature (ambient vs. elevated). KP, kelp present; KA, kelp absent; CCO 2 , current CO 2 ; FCO 2 , future CO 2 ; AT, ambient temperature; ET, elevated temperature.
Discussion
The balance among key interacting species, such as foundation species and their competitors, contributes to determining resistance to change and maintenance of ecosystem structure. As functional groups are differentially affected by humandriven change in environmental conditions, this balance is likely to become increasingly disrupted, potentially prompting ecosystem shifts (reviewed in Folke et al., 2004 , Harley et al., 2006 , Scheffer et al., 2001 . Previous studies have suggested in the system considered here, shifts may occur from algal canopies to mats of turf under altered environmental conditions (reviewed in Falkenberg et al., 2010, Russell and . Here, we show that there are currently sparser canopies and more expansive turf mats on coasts of intense human use. This pattern of occurrence in 'urban' areas may set the conditions for the greater influence of climate change through the expansion of turfs under elevated CO 2 and warming (e.g. Connell and Russell, 2010) . In contrast, canopies are still present along coastlines of less intense human use and they may suppress turfs and mitigate some of the effects of modified conditions. Targeted management to retain or reintroduce algal canopies before global change manifests could, therefore, be an important approach to enhance resistance and facilitate the persistence of these otherwise vulnerable habitats.
That habitats occur as mosaics is frequently emphasised as a characteristic of coastal ecology (e.g. Connell and Irving, 2008 , Paine and Levin, 1981 , Sousa, 1984 . It has been proposed, however, that human activities can modify the relative occurrence and patchiness of the alternative habitats. Such change has been observed for a variety of habitats, including the shift from corals to macroalgae (McCook et al., 2007) , 'constitutional' seagrass species to 'non-constitutional' species (Montefalcone et al., 2007) and saltmarshes to mangroves (Saintilan and Williams, 1999) . Similar patterns can be found in systems historically dominated by algal canopies. On the Mediterranean coastline, for example, low-shore rocky habitats are often dominated by the canopy algae Cystoseria. The canopies of these algae are, however, frequently replaced by assemblages of turfs and mussels; a change attributed to their proximity to urban areas (Benedetti-Cecchi et al., 2001) . Similarly, in the South Australian system considered here, evidence is accumulating to suggest that areas of algal forests near human populations are being replaced by algal mats Gorgula and Connell, 2004; Gorman et al., 2009) . Our results provide additional insight into the relative proportions of these habitats associated with catchments characterised by different patterns of human use. Specifically, our results indicate that in habitats near natural catchments there was a trend for a greater proportion of canopy and a lesser proportion of turfs than were observed in coastal habitats adjacent to urban catchments. While there was more canopy than turf algae in both natural and agricultural catchments, in urban catchments the relative proportions of these algae (and their size distributions) were about the same. While we did not explicitly assess the mechanism underlying the observed change in this study, it has previously been shown that elevated nutrient inputs to marine systems associated with human land-use can be associated with the phase-shift from canopy to turf (examples can be drawn from South Australia, Gorman et al., 2009 Baltic Sea, Worm et al., 1999; North Sea, Eriksson et al., 2002; Mediterranean Sea, Rodriguez-Prieto and Polo, 1996) .
Ecosystem structure may be further modified in the future, as global conditions could release certain functional groups, but not others, from the limitations that they currently experience. Specifically, enriched CO 2 and increased temperature can lead to the expansion of algal mats, with greater covers observed where either condition is manipulated in isolation from the other, potentially enabling turf expansion and replacement of canopies (this study, Connell and Russell, 2010, Russell et al., 2009) . Enriched CO 2 has been proposed to influence primary productivity via increased carbon availability and enhanced photosynthetic rates (reviewed in Connell et al., 2013 , Hepburn et al., 2011 , Low-Décarie et al., 2014 . Increased productivity and growth in algal turfs under enriched CO 2 conditions may reflect increased photosynthetic rates either because: (1) more CO 2 is available for passive diffusion (release from limitation), or, (2) these algae can switch from the use of carbon concentrating mechanisms to passive diffusion, thus reducing the metabolic costs of photosynthesis (Falkenberg et al., 2013b; Raven et al., 2011) . Similarly, increased temperature also drove greater covers of turfs. Such patterns align with the natural history of this system; that is, the taxa that form these algal mats are typically ephemeral, rapidly expanding to occupy available space in the warm summer months Russell and Connell, 2005) . It is increasingly being recognised, however, that the combination of enriched CO 2 and increased temperatures can facilitate the expansion of turf at greater rates (e.g. Connell and Russell, 2010) . Both enriched CO 2 and increased temperature could, therefore, drive the expansion of turf algae in the future by enhancing their productivity and growth.
Although forecasted environmental conditions are anticipated to facilitate turfs and increase the probability of loss of foundation species, biotic interactions may modify these direct effects and enhance system resistance. The current study suggests that where canopies are retained, their presence may constrain the expansion of turfs despite the otherwise strong effects of enriched CO 2 and increased temperature. While there are a number of mechanisms by which canopies can influence turf cover, we suggest a disproportionately strong mechanism centres on reduction of photosynthetic rates in turfs. That canopies influence understory algae via shading is an explanation derived from classical experiments showing the effects of canopy-shade on understorey communities (Reed and Foster, 1984) and covers of turfs (Connell, 2005; Russell, 2007) . Here, we identified that the presence of a kelp canopy reduced light available to turfs by ∼70% (∼125 µmol m −2 s −1 outside canopy vs. ∼40 µmol m −2 s −1 under canopy), driving greater maximum Electron Transport Rate (ETR max ) of turfs outside canopy compared to the turfs which occurred under the canopy. Further, the ETR max of turfs in the absence of a canopy was observed at higher light intensities than for those turfs where canopy was present. These differences in ETR are expected to be related to photosynthetic activity if it had been measured by oxygen evolution or CO 2 uptake (Beer, 1989; Ralph and Gademann, 2005) , and are consistent with adaptation to shaded conditions by understorey species (Lüder et al., 2002; Watanabe et al., 1992) . In contrast, the Effective Quantum Yield (EQY) of turfs was higher where canopy was present than where it was absent. We suggest that this reduction of EQY in the absence of canopy is a manifestation of greater photoinhibition due to greater light intensities. Importantly, the similarity of Maximum Quantum Yield (MQY) of turfs inside and outside canopies indicates that while there may be a short-term effect of altered light condition (as reflected in the EQY), there was no long-term change or damage to the photosynthetic apparatus of the algae. That is, recovery of MQY under all experimental conditions indicates there was no damage of PSII, but rather transient, reversible down-regulation of photosynthetic efficiencies, which can be considered a mechanism of photoprotection (Bischof et al., 2000) . Therefore, while there appeared to be photoinhibition of turfs outside kelp canopies under the higher light intensities they maintained greater productivity, allowing them to expand more rapidly than turfs under canopies.
Ecosystems may resist future environmental change via the strengthening of key species interactions Ghedini et al., 2015) . Indeed, there is increasing evidence that canopies can limit the expansion of turf algae under a range of modified conditions (i.e. increased nutrients, Gorman et al., 2009 ; nutrients × CO 2 , Falkenberg et al., 2012 ; temperature × CO 2 , this study). This effect reflects the strength of canopy-understory interactions (Connell, 2005; Russell, 2007) that influence competitors, even under modified local and global conditions. Therefore, where key species are able to persist, their strong competitive interactions may enhance community stability and resistance to disturbance (Falkenberg et al., 2012) . Habitat-forming species often structure communities by suppressing their competitors (Grime, 1998; Stachowicz, 2001 ), but in circumstances of their decline a dramatic shift in community structure can occur as competitive interactions are disrupted and previously restricted species expand Pickett and White, 1985) . Similar results have been shown where key consumers are either retained within, or removed from, ecosystems. In this system, the presence of gastropod grazers has been shown to continue to restrict the occurrence of turf algae under forecasted conditions (Falkenberg et al., 2014; Ghedini et al., 2015) where physiological limits are not exceeded (Mertens et al., in press ). The persistence of key species will, therefore, be crucial for determining the effect of change at both local and global scales. In this system, maintaining the mechanism that enables the continued dominance of canopies over turfs will be dependent on the presence of the foundation species that mediate this mechanism. It appears that in this system, it will be important to manage the effects associated with local human populations (such as nutrient-rich discharges) so that canopies are present within a system when global change manifests. Where key species are less able to persist due to locally modified conditions, however, their occurrence may be positively managed. Examples from other systems reveal such strategies could include the implementation of MPAs that manage the direct and indirect effects of kelp loss (Gianni et al., 2013; Shears and Babcock, 2002) or reintroduced through active intervention (Campbell et al., 2014) . Indeed, the power of local management may have been under-estimated in its ability to reduce the effects of global change (but see Falkenberg et al., 2013a , Ghedini et al., 2013 .
In conclusion, we emphasise the potential for species interactions to modify the impacts of accelerating environmental changes that accumulate across scales from local urbanisation to global CO 2 enrichment and warming. Current patterns of urbanisation are associated with the loss of algal forests and the expansion of structurally simple algal mats. Where strong interactions are retained, however, they may modify the effect of global change. In particular, our experiments reveal that where foundation species, such as kelp, are retained, they continue to modify environmental conditions such that their persistence is favoured even under conditions that would otherwise be expected to facilitate their loss (e.g. enriched CO 2 , increased temperature) (Wernberg et al., 2010; Johnson et al., 2011; Falkenberg et al., 2012) . These results indicate that management towards maintaining or re-establishing populations of foundation species may limit ecosystem decline under large-scale global change. Local management therefore has the potential to enhance resistance to a largely unmanageable global-scale problem.
